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FUEL INJECTION SYSTEM 

The invention relates to a fuel injection system for use in supplying high 
pressure fuel to a compression ignition internal combustion engine. 

Known common rail fuel systems include an accumulator voitume or rail which 
is charged with fuel at high pressure by means of a high pressure fuel pump. 
Fuel at high pressure is supplied by the common rail to a plualality of injectors, 
each of which is arranged to inject fuel into an associated en^jine cylinder. 

It is desirable to be able to vary the injection characteristic ofithe injected fuel 
spray. In particular, for emissions purposes it is beneficial to provide a pilot 
injection of fuel at a relatively low injection rate followed by a main injection 
of fuel at a higher rate. A pilot/main injection sequence also lhas benefits for 
engine combustion noise. It is also thought to be of particular advantage to 
provide a main injection of fuel having a so-called "boot-sha,bed" injection rate. 
A boot-shaped injection rate characteristic comprises an initiijd relatively low 
injection rate of short duration immediately followed by a higher injection rate. 
Providing a higher rate main injection of fuel followed by a p lost injection of 
fuel is also know to provide emissions benefits. 

By way of background to the present invention, WO 01/147216 Al describes a 
common rail fuel system in which an accumulator volume or •common rail is 
charged with fuel at high pressure by means of a high pressure fuel pump. Fuel 
within the accumulator volume is distributed to a plurality of (injection nozzles, 
each of which has an associated intensifier arrangement Eacili intensifier 
arrangement serves to further increase the pressure of fuel supplied from the 
cornmon rail and delivers fuel at increased pressure to the associated injection 
nozzle through a high pressure supply tine. ; 
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Each injection nozzle has a valve needle which is biased towards a closed 
position in which it is seated against a valve seating by meaius of a spring. In 
order to commence injection, the valve needle is moved awa:r from the seating, 
against the spring force, by varying fuel pressure within a control chamber 
arranged at a back end of the needle. The control chamber cohomunicates 
continuously with the high pressure supply line and fuel pressure within the 
control chamber is controlled by means of a two-way nozzle control valve. The 
nozzle control valve is operable between an open position, xn ! which the control 
chamber communicates with a low pressure drain, and a closed position in 
which communication between the control chamber and the drain is broken. 

In order to provide an injection of fuel, the nozzle control valVe is opened to 
permit fuel within the control chamber to escape to low pressure, thereby 
causing fuel pressure within the nozzle control chamber to be! reduced. A point 
will be reached at which the force due to fuel pressure acting ton thrust surfaces 
of the valve needle is sufficient to overcome the force due to IFuel pressure 
within the control chamber acting in combination with the sprtng force, and the 
valve needle lifts from its seating. Closure of the valve needle is effected by 
closing the nozzle control valve to re-establish high pressure IFuel within the 
control chamber. 

A problem with the aforementioned system is that, when the rxozzle control 
valve is opened to lift the valve needle, there is a continuous Elow of high 
pressure fuel between the high pressure supply line and the 1<>w pressure drain, 
and therefore a proportion of high pressure fuel is wasted. Thle parasitic losses 
of the system are therefore relatively high. 

It is an object of the present invention to provide an improved fuel injection 
system, which permits the fuel injection characteristic, and in particular the 
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injection rate, to be varied and which overcomes or alleviates the 
aforementioned problem of the prior art. 

According to the present invention there is provided a fuel injection system 
comprising; 

a fuel source arranged to be charged with fuel by means of a high pressure fuel 
pump and for supplying fuel at a first injectable pressure levea to a plurality of 
fuel injectors, 

wherein each injector includes a delivery passage, a valve needle, which is 
engageable with a seating to control fuel injection, and a noz:!ie control valve 
for controlling fuel pressure within a control chamber of the jaozzle so as to 
control movement of the valve needle, wherein the nozzle control valve has a 
first operating position in which the control chamber communicates with a low 
pressure drain and communication between the control chamber and the 
delivery passage is prevented and a second operating position in which the 
control chamber communicates with the delivery passage and communication 
between the control chamber and the low pressure drain is prevented, 

and wherein each injector has an associated intensifier arrangement for 
increasing the pressure of fuel to be supplied to Hie injector t«b a second, 
injectable pressure level and including intensifier control varle means, which is 
operable to determine whether fuel injected to the engine is at the first or 
second injectable pressure level. 

The present invention provides the advantage that the injection characteristic, 
and, in particular the injection pressure and hence injection rate, can be varied 
by operating the intensifier control valve means between firs', and second 



states. It has been found that emission levels benefit from an -Ejection event 
comprising a pilot injection of fuel at a relatively low injection rate, followed 
by a main injection of fuel at a higher rate. The present invention provides a 
convenient means of achieving this as the intensifier control ^alve means can 
be switched relatively rapidly to switch the injected pressure level between the 
first and second rates. The fuel system also enables a boot-shaped injection rate 
to be achieved, which is also found to have advantages for eniussions levels. 

It is a further advantage of the present invention that parasitic: fuel losses are 
minimised, due to the provision of the three-way nozzle contiol valve. By 
providing the intensifier arrangement, the high pressure fuel pump for charging 
the accumulator volume need only be capable of pressurisingifuel to a 
relatively low, injectable pressure. 

In a preferred embodiment, the intensifier arrangement includes an intensifier 
piston having a first surface area exposed to fuel pressure within a pressure 
control chamber and a second surface area exposed to fuel pressure within an 
intensifier chamber, wherein the first surface area is greater than the second 
surface area, thereby to provide an increased fuel pressure leMel within the 
intensifier chamber. 

The system further includes a non return valve arranged within a high pressure 
supply line through which fuel is supplied from the accumulator volume to the 
injector delivery passage. 

Preferably, the accumulator volume is charged with fuel at a :first pressure level 
of around 300 bar, in use, and the intensifier arrangement is arranged so as to 
provide fuel at a second pressure level in excess of 2000 bar. 
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In one embodiment, the intensifies arrangement is arranged within a housing 
common to the associated injector. The common housing may be formed from 
several separate housing parts. In a further preferred embodiment, the 
intensifier control valve means includes a valve member whirth is substantially 
axiaUy aligned with the intensifier piston within the common 'housing and/or 
with the valve needle. 

The invention will now be described, by way of example onN, with reference 
to the accompanying drawings in which: 

Figure 1 is a schematic diagram of a fuel system of the present invention when 
in a first operating condition, 

Figure 2 illustrates the system in Figure 1 when in a second operating 
condition, 

Figure 3 shows the system in Figures 1 and 2 when in a third operating 
condition, 

Figure 4 is a graph to show the injection rate for a pilot injection of fuel at a 
first fuel pressure level, 

Figure 5 is a graph to show the injection rate for a main injection of fuel at a 
second, higher fuel pressure level, and 



Figure 6 shows a practical embodiment of a part of the fuel system in Figur< 
to 3. 
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Referring to Figure 1, the fuel system of the present invention includes an 
accumulator volume or common rail 10, which is charged wilh fuel at high 
pressure by means of a high pressure fuel pump 12. Typically, fuel pressure 
within the common rail is pressurised to a level of around 30c) bar. The fuel 
pump 12 receives fuel at relatively low pressure through an hUet 14. The 
common rail 10 supplies fuel at a first pressure level to a high pressure supply 
line 16, and is aiTanged to deliver fuel to a delivery line or delivery passage 20 
of an associated fuel injector, referred to generally as 22. In jbractice a plurality 
of fuel injectors will be provided, one for each engine cylinder, but for 
simplicity only one of these will be described in detail. 

The high pressure supply line 16 is provided with a non returh valve 18 
including a valve member 19 which is engageable with a non! return valve 
seating to control flow through the high pressure supply line tt 6. The non 
return valve 18 is provided with a spring 18a which tends to <blose the non 
return valve, but upon pressurisation of fuel within the comirlon rail 10 a force 
is applied to the non return valve member 19 which serves toiurge the non 
return valve into an open position, against the force of the spring 18a, to permit 
fuel to flow through the high pressure supply line 16 to the delivery line 20. 
Should fuel pressure within the delivery line 20 increase beyibnd a * 
predetermined level, the non return valve member 19 will be urged to close to 
prevent a return flow of fuel from the delivery line 20 to the itommon rail 10. 

The delivery line 20 communicates directly with a delivery chamber 24 of the 
fuel injector 22, and with a low pressure drain under the conttol of a nozzle 
control valve 26. The nozzle control valve 26 is operable uxlder the control of 
an actuator (not shown), for example an electromagnetic or piezoelectric 
actuator, so as to control communication between a control chamber 28 of the 
injector and the low pressure drain. The injector 22 further includes a valve 
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needle 30, which is urged towards a valve needle seating (not shown) by means 
of a valve needle spring 30 acting in combination with the hydraulic force due 
to fuel pressure within the control chamber 28. When the vahre needle 30 is in 
its seated position, fuel injection into the engine cylinder doeis not take place. 

The nozzle control valve 26 is actuable between a closed posi tion, in which the 
delivery line 20 communicates with the control chamber 28 and 
communication between the control chamber 28 and die low pressure drain is 
broken, and an open position in which communication between the control 
chamber 28 and the low pressure drain is open and fuel flow .from the delivery 
line 20 into the control chamber 28 is prevented. 

The common rail 10 also supplies fuel to a pressure control chamber 32 of an 
intensifier arrangement, referred to generally as 34. The intenfeifier arrangement 
34 includes an intensifier control valve means 36 having an afctuable valve 
member (not shown), and further including an intensifier piston 38 having a 
first end 38a exposed to fuel pressure within the pressure control chamber 32 
and a second end 38b exposed to fuel pressure within an inteilsifier chamber 40 
at the end of the piston 38 remote from the pressure control chamber 32. A 
further chamber 42 intermediate the pressure control chamber 32 and the 
intensifier chamber 40 communicates with the low pressure drain and permits 
any fuel leakage from the pressure control chamber 32 and/oi< the intensifier 
chamber 40 past the piston 38 into the further chamber 42 to escape to low 
pressure so as to prevent the occurrence of a hydraulic lock. 

The first end 38a of the piston 38 has a larger effective surface area exposed to 
fuel within the pressure control chamber 32 than the area of tllie second surface 
38b exposed to fuel within the intensifier chamber 40. The irtensifier 
arrangement 34 therefore provides a hydraulic amplification effect, to increase 



fuel pressure within the intensifier chamber 40 to a second pressure level, 
which is higher than the pressure level within the common ra l 10. Typically, 
fuel pressure within the intensifier chamber 40 is increased to a level in excess 
of 2000 bar. 

The fuel system in Figure 1 permits fuel to be injected into the engine either at 
the first relatively high pressure level within the common rail 10, or at the 
second, higher pressure level within the intensifier chamber 4b, depending 
upon the position of the intensifier control valve 36. In use, with the intensifier 
control valve 36 in a closed position (as shown in Figure 1), f rael within the 
common rail 10 is unable to flow through the intensifier control valve 36 into 
the pressure control chamber 32. Fuel pressure within the pressure control 
chamber 32 therefore remains at a relatively low level. The flbw of fuel from 
the common rail 10 urges the non return valve 18 open, so th;it fuel from the 
common rail 10 is supplied through the high pressure supply line 16, into the 
delivery line 20 of the injector. In this operating condition, fihel pressure within 
the intensifier chamber 40 is at the first pressure level supplieid by the rail 10. 

With the nozzle control valve 26 in its closed position (as shcfwn in Figure 1), a 
supply of high pressure fuel flows into the control chamber 2.6 at the back of 
the valve needle 30 and, in combination with the force of the spring 30, serves 
to urge the valve needle 30 into engagement with its seating tb prevent 
injection. 

If it is required to inject fuel at the first pressure level, the nozzle control valve 
28 is moved to its open position to close communication berween the delivery 
line 20 and the control chamber 28, and to open communicatibn between the 
control chamber 28 and the low pressure drain. In such circumstances fuel 
within the control chamber 28 is able to flow to low pressure.! thereby reducing 
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the force acting on the back end of the valve needle 30. As a consequence of 
this the valve needle 30 is urged away from its seating due to high fuel pressure 
within the delivery chamber 24 to permit fuel injection to the engine at the first 
pressure level. 

To terminate injection at the first pressure level, the nozzle control valve 26 is 
returned to its closed position, breaking communication between the control 
chamber 28 and the low pressure drain and opening communication between 
the delivery line 20 and the control chamber 28. High pressure fuel is re- 
established within the control chamber 28 to re-seat the valve! needle 30. 
Figure 2 shows the fuel system of Figure 1 when in the first injecting state, in 
which the valve needle 30 is lifted from its seating and fuel at the first pressure 
level is injected to the engine. 

If it is required to inject fuel at the second, higher level, the intensifier control 
valve 36 is actuated to move into an open position in which fuel at the first 
pressure level is supplied to the pressure control chamber 32. Fuel pressure 
within the pressure control chamber 32 is therefore increased! and the piston 38 
is urged in a downward direction (as shown in Figure 3). Dufc to the 
differential area between the first surface 38a of the piston 381 exposed to fuel 
pressure within the pressure control chamber 32 and the area 38b of the second 
end of the piston 38 which is exposed to fuel pressure within Ithe intensifier 
chamber 40, fuel pressure within the intensifier chamber 40 i\ caused to 
increase to a second, higher pressure level. It will be appreciated that ihe 
differential areas of the first and second ends 38a, 38b of the piston 38 provide 
a hydraulic amplification effect to increase fuel pressure in thte intensifier 
chamber 40 to the second pressure level. Typically, pressure^within the 
intensifier chamber 40 is increased to a level in excess of 2,0ip0 bar, and 
preferably between 2400 and 2500 bar. 
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As fuel pressure within the intensifier chamber 40 is increased, the non return 
valve member 19 will be urged closed, thereby terminating tbe flow of fuel 
between the high pressure supply line 16 and the delivery lints 20, and trapping 
higher pressure fuel within the delivery line 20. In order to inject fuel at this 
second, higher pressure level, the nozzle control valve 26 is cjpened to relieve 
fuel pressure within the control chamber 28, thereby causing She valve needle 
30 to lift, as described previously. 

The present invention therefore provides a means of injecting fuel at two, high 
pressure levels under the control of the intensifier control valte 36. The system 
is particularly beneficial in that it enables a pilot injection of fuel to be 
delivered at a lower injection rate followed by a subsequent, :taain injection of 
fuel at a higher rate. It has been found that this sequence benefits the emissions 
levels and provides advantages for engine combustion noise. 

Figures 4 and 5 show an example of the injection rate for a pilot injection of 
fuel and for a main injection of fuel respectively. In Figure f !, the main 
injection of fuel has a so-called '"boot-shaped" injection rate, 'comprising an 
initial square shaped injection rate followed by a rising injection rate. In order 
to achieve the boot-shaped main injection, the intensifier consrol valve 36 is 
moved from its closed state (as shown in Figure 2) to its open state (as shown 
in Figure 3) without re-seating the valve needle 30 (i.e. keepihg the nozzle 
control valve 26 open). 

It will be appreciated that alternative combinations or sequences of a lower rate 
injection and a higher rate injection are also possible using ttie system in 
Figures 1 to 3. For example, a boot-shaped main injection ol« fuel may be 
followed by a lower rate post injection of fuel, or followed by a late post 
injection of fuel for after treatment purposes. 
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As the common rail 10 need only be charged to a moderately high pressure 
(e.g. 300 bar) the demands on the high pressure pump are reduced. 
Furthermore, as the intensify arrangement 34 is driven by Ms moderate rail 
pressure, without the need for a cam drive, the hmitation on iajection timing in 
known systems is avoided. 

Figure 6 shows a practical embodiment of a part of the fuel system in Figures 1 
to 3, in which the nozzle control valve 26, the intensifier arrangement 34 and 
the intensifier control valve 36 are all housed within a comm.to housing. The 
intensifier arrangement 34 is housed within a first housing part 50 through 
which a part of the high pressure fuel line 16 extends. The f&st housing part 50 
abuts a second housing part 52 through which the high pressiire fuel line 16 
also extends. The non return valve 18 is mounted within a rejtion of the high 
pressure supply line 16 within the second housing part 52. Tliie intensifier 
valve 36 is housed within a third housing part 54 in abutment' with the end of 
the first housing part 50 remote from the second housing part' 52. The valve 
member of the intensifier valve (identified as 36a in Figure 6) is axially aligned 
with the intensifier piston 38 and the valve needle 30. The arrangement of 
parts shown in Figure 6 is particularly advantageous as it is relatively compact 
and can easily be incorporated into existing engine designs. 




-12- 
CLAIMS 



1 . A fuel injection system comprising; 

a fuel source arranged to be charged with fuel by means of a :high pressure fuel 
pump and for supplying fuel at a first injectable pressure leveil to a plurality of 
fuel injeciors, 

wherein each injector includes a delivery passage, a valve needle, which is 
engageable with a seating to control fuel injection, and a noz;tle control valve 
for controlling fuel pressure within a control chamber of the nozzle so as to 
control movement of the valve needle, wherein the nozzle co:litrol valve has a 
first operating position in which the control chamber communicates with a low 
pressure drain and communication between the control chamlber and the 
delivery passage is prevented and a second operating positiorl in which the 
control chamber communicates with the delivery passage and communication 
between the control chamber and the low pressure drain is prevented, 

and wherein each injector has an associated intensifier arrangement for 
increasing the pressure of fuel to be supplied to the injector t<i> a second 
injectable pressure level and including intensifier control vahte means, which is 
operable to determine whether fuel injected to the engine is at the first or 
second injectable pressure level. 

2. A fuel injection system as claimed in Claim 1, wherein the intensifier 
arrangement includes an intensifier piston having a first surfstee area exposed to 
fuel pressure within a pressure control chamber and a secondisurface area 
exposed to fuel pressure within an intensifier chamber, wherein the first surface 
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area is greater than the second surface area, thereby to provide an increased 
fuel pressure level within the intensifier chamber. 

3. The fuel injection system as claimed in Claim 1 or Cladm 2, including a 
non return valve arranged within a high pressure supply line ilhrough which fuel 
is supplied from the accumulator volume to the injector delivery passage. 



4. The fuel injection system as claimed in any of Claims 1 to 3, whereby 
the accumulator volume is charged with fuel at a first pressurfe level of around 
300 bar, in use. 

5. The fuel injection system as claimed in any of Claims 1 to 4, whereby in 
the intensifier arrangement is arranged so as to provide fuel at a second 
pressure level in excess of 2000 bar. 

6. The fuel injection system as claimed in any of Claims 1 to 5, wherein 
the intensifier arrangement is arranged within a housing comiiaon to the 
associated injector. 

7. The fuel injection system as claimed in Claim 6, wheri&i the common 
housing is formed from two or more separate housing parts. 

8. The fuel injection system as claimed in Claim 6 or Claim 7, wherein the 
intensifier control valve means includes a valve member whMh is substantially 
axially aligned with the intensifier piston within the common fhousing. " 



9. The fuel system substantially as herein described with reference to 
accompanying drawings. 
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